Introduction
Nowadays, computer technology has become an essential part of the educational system. Computers are used by administrators, academic staff, and academic support staff. The increased use of computers benefits a variety of academic tasks but at the same time causes eye symptoms related to their usage. 1 Prolonged use of computers can lead to complications, such as eye strain and other problems. 2 Eye strain or asthenopia is considered to be the most common complaint among computer users. The National Institute for Occupational Safety and Health (NIOSH) indicated that 70.6% of workers who used computers in their workplace suffered from eye strain. 1, 3 The term eye strain is frequently used to describe a group of symptoms that are related to prolonged visual activity. The International Classification of Diseases (ICD), a medical classification list by the World Health Organization (WHO), classifies eye strain under the general heading of unspecified subjective submit your manuscript | www.dovepress.com
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Lertwisuttipaiboon et al visual disturbances (ICD-10-CM H53.10). 4, 5 Eye strain is diagnosed on the basis of the patient history without any serious eye disease. 6 Eye strain is a syndrome covering eight different symptoms: smarting, itching, gritty feeling, aches, sensitivity to light, redness, teariness, and dryness. Workrelated eye strain was defined as the reporting of three or more symptoms. 7 Although eye strain related to computer work has not yet proven to cause permanent damage to eyes, it can cause significant discomfort and lead to reduced productivity and job satisfaction. 8 Moreover, some users may experience continued impairment or reduced visual abilities even after work. This suggests the need for prevention program to maintain healthy eyes of visual display terminal (VDT) operators. 9, 10 The main cause of eye strain is thought to be fatigue of the ciliary and extraocular muscles due to the prolonged accommodation and vergence required by near-vision work. 11 Another causative factor implicated in eye strain is dryness of the eyes resulting from an increased exposed surface area of the cornea when focusing straight ahead and a decreased blink rate due to mental concentration. 12 Blinking is often inhibited by concentration and staring at a computer screen. Therefore, the eye tends to have more amount of tear evaporation resulting in dryness and irritation. 13 In addition, there were significant positive correlations between eye-related tiredness and orbicularis oculi muscle load and eye-related pain and muscle blood flow. Muscle pain development during intentional short-term interventions such as eye exercises can relieve strain on the eyes and also refresh the mind, reflected by improvement in the visual reaction time.
14,15 Therefore, sufficient blinking and performing eye exercise may help relieve dryness and tension accumulated in the muscles of the eye. Moreover, factors such as poor lighting, glare, screen brightness, vision problems, and improper workstation setup also account for eye and visual problems associated with computer usage. 16 Several strategies have been proposed to prevent computer eye strain, including environmental factor modification and proper self-eye care by the worker. 1 Visual problems such as eye strain and irritation can be usually solved by adjusting the physical and environmental setting where the computer users work. For instance, work stations and lighting should be arranged to avoid direct and reflected glare anywhere in the field of sight, from the display screen, or in the surrounding surfaces. 1, 10, 11 A majority of the studies have additionally shown that the prevalence of eye strain is associated with an increase in the time spent on computers. 16 The previous studies indicated that longer duration tends to have long-lasting visual complaints. [17] [18] [19] [20] [21] One of the other significant strategies for reducing eye strain is to take regular rest breaks. Kevin Taylor of Niche Software Ltd conducted an overview of research on repetitive strain injury (RSI) and the effectiveness of breaks. The author looked at the effect of introducing supplementary breaks to a working regime and concluded that in addition to their positive effects on ratings of musculoskeletal discomfort, supplementary rest breaks also led to decreased levels of eye soreness and visual blurring. 22 The effectiveness of micro-breaks or supplementary rest breaks has been studied in detail. The conclusions were that more frequent micro-breaks produced the greatest reduction in discomfort. 23 However, it is questionable that how often breaks should be taken, especially by staff computer users in an educational sector to reduce eye strain. The timing of breaks needs to be carefully considered to be accepted by the stakeholders. Otherwise, staff computer users may face some barriers, including supervisors' lack of awareness of eye strain. Therefore, staff may not be allowed to take rest breaks while using computer continuously for a long period. Thus, the involvement of the executive and relevant stakeholders is very important for developing the program to reduce eye strain.
A participatory approach is one of the strategies that has been applied to ensure the development of a sustainable health promotion program. This approach enables stakeholders to extend their understanding of problems and to formulate actions directed toward the resolution of these problems. Participants could make decisions about personal health behaviors, use of available health resources, and social health issues. 24, 25 Therefore, a participatory approach was used in this study in which enables staff computer users and other stakeholders to share their perceptions and ideas for developing the practical program in reducing eye strain.
Sukhothai Thammathirat Open University (STOU) was selected for this study due to the widespread use of computers in educational services throughout Thailand and beyond. 26 In particular, the prevalence of high eye strain in STOU was 84.7%. 10 The findings suggest that rigorous studies for the development of suitable program to reduce eye strain are needed. 10 The main purpose of this study was to develop a participatory eye care (PEC) and assess the effectiveness of the program by comparing eye care knowledge, attitude, and practice (KAP), as well as eye strain symptoms in staff computer users. 
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Methods
The study used a two-phase mixed methods design.
Phase1: development of a PEC program
A participatory approach was held by organizing a stakeholder meeting. A potential group of 26 stakeholders were invited to participate in the 5-hour meeting, including the vice president of STOU, 11 directors of the offices, one health professional staff of Office of Health Service, two experts of School of Nursing and School of Health Science, and 11 representatives of staff computer users from 11 supporting offices recruited by using simple random sampling on a voluntary basis. All stakeholders were informed about the existing eye strain situation and factors contributing to eye strain among staff computer users in STOU.
The factual information was collected from the meeting report for developing a PEC program, which consisted of the following three elements:
1. The 3-hour course on computer eye strain at the beginning of the program: the course content included symptoms of eye strain, causes and risk factors, and preventive measures. 2. Additional rest breaks: there were short and long breaks provided for the participants. A total of 30-second break every 30 minutes of computer work was provided, giving the participants a brief period to relax their eyes, stretch their body, and adjust their posture. During 15 minutes rest break in the morning and the afternoon, the participants would be recommended to do integrated eye-neck exercises and take rest after that. The audiovisual break reminders were set up to warn the participants to take breaks and do integrated eye-neck exercises on schedule as defined in Table 1 . 3. The medium for integrated eye-neck exercises was designed on a mouse pad screen printed with instructions of the exercises as shown in Figure 1 .
Phase 2: evaluation of the effectiveness of the PEC program
The quasi-experiment was conducted to evaluate the effectiveness of the PEC program. There were 11 academic supporting offices in STOU. The Office of Academic Affairs and the Office of the University Press were selected for intervention and control groups, respectively, based on their similar and 700 lux, ambient indoor temperature was between 73°F and 78°F (23°C and 26°C), and relative humidity of the air was between 50% and 70%.
The sample size was calculated to reach a statistical power of 0.95, significance level of a=0.05, and statistical power of 1-b=0.80 and increased by 10% for the subjects who may leave or quit from the experiment. Thus, the total sample size was 35 subjects each in the intervention and control groups. The participants who met the inclusion criteria were recruited from the list of staff in each office by random selection on a voluntary basis. The selection criteria were 1) 25-50 years of age; 2) work experience with computer for at least 1 year; 3) work with computer ≥4 hours/day for 5 days a week; and 4) willing and available for 8-week course of study. Staff with any of the following conditions were ineligible: 1) presently under medical treatment for eye and visual problems and 2) permanently under medication of analgesics, NSAIDs, antidepressants, and hypnotics.
The PEC program had been implemented for the intervention group. A total of 35 participants enrolled in the intervention trial and completed daily practice on a log sheet for the entire 8-week intervention. Both the intervention and control groups were measured three times as baseline data at the beginning of the program, follow-up 1 (week 4), and follow-up 2 (week 8).
The effectiveness of the PEC program was evaluated by using a questionnaire developed based on theory and previous studies. It consisted of five parts of 77 questions:
• Part 1: demographic data and characteristics of workthere were 25 questions, including general information of gender, age, education levels, underlying disease, eyesight problems, water intake, hours of sleep, the use of computers in leisure activities, duration of the career working with computer, and duration of computer use per day.
• Part 2: knowledge on eye strain -there were 16 questions to assess the knowledge of computer eye strain, including risk factors, health effect, and the preventive measures. A correct answer was given 1 score and a wrong answer 0 score. The scores varied from 0 to 16 points and were classified into three levels as Bloom's cutoff points, where scores of 81-100%, 60-80%, and <60% were classified as good knowledge, satisfactory knowledge, and poor knowledge, respectively. • Part 3: attitudes about computer eye strain -there were 12 questions to assess the attitude of the respondents toward computer eye strain. The questions had positive and negative responses ranging from strongly agree, agree, uncertain, disagree, and strongly disagree. A score of 1-5 was given to the answers based on the Likert scale. The sum score of attitudes was assessed based on Bloom's cutoff point (60%-80%). 27 The attitude scores varied from 0 to 60, and these scores were classified based on the attained score in three levels, where 48-60 scores (81%-100%), 36-47 scores (60%-80%), and 12-35 scores (<60%) represented concern, neutral, and not concern attitude, respectively.
• Part 4: practice of eye care in computer use -there were 12 questions, which included both positive and negative.
The questions asked about the actions taken by each respondent, such as the frequency of taking regular rest breaks, doing eye exercise, and blinking during working with computer. The sum score of practice was assessed based on Bloom's cutoff point (60%-80%). 27 The scores varied from 12 to 48 and were classified into three levels of 39-48 scores (81%-100%), 29-38 scores (60%-80%), and 12-28 scores (<60%) representing good practice, fair practice, and poor practice, respectively.
• Part 5: symptoms of eye strain -there were 12 items to assess eye strain as shown in Figure 2 . The participants were considered as having eye strain if they reported at least three or more of eight symptoms, including smarting, itching, gritty feeling, aches, sensitivity to light, redness, teariness, and dryness. 7, 10 The content validation was performed by five experts in ophthalmology, ergonomics, and occupational health with the use of the Index of the Item-Objectives Congruence (IOC) forms. It was found that 77 items with the IOC between 0.80 and 1.00 were congruent with the objectives. The questionnaire had a test-retest reliability over a period of 2 weeks (n=30, r=0.72), an internal consistency reliability for knowledge (KR-20=0.76), and the Cronbach's alpha (CA) for attitude (0.81) and practice (0.84 
Data collection
Six research assistants were trained to interview and assess on KAP scores and eye strain symptoms among the study subjects. All participants in the intervention group were asked to complete daily practice on a log sheet for the entire 8-week intervention at the end of each day. Each participant indicated the number of rest breaks taken and integrated eye-neck exercises performed that day.
Data on eye strain symptoms and KAP scores of both groups were collected three times for baseline, follow-up 1 (week 4), and follow-up 2 (week 8). Data collection within the experimental phase is shown in Figure 3 .
Results
The results of the study are divided into three parts as follows.
Baseline characteristics
Baseline characteristics of the intervention and control groups are presented in Tables 2 and 3 . Independent t-test was used to compare normally distributed continuous variables, and chi-square test was used for comparison of categorical variables. The results from Tables 2 and 3 found that education level had a significant difference between the intervention and the control groups, and no significant difference between groups was found for the other variables.
Effect of the PEC program on eye strain
A total of 35 participants enrolled in the intervention trial and completed daily practice on a log sheet for the entire 8-week intervention. All participants in the intervention group performed at least 85% of rest breaks taken and the integrated eye-neck exercises complied with the schedule. The main reasons that caused the participants unable to comply with the entire schedule of PEC program were regular meetings, conferences, and special events that the participants had to attend. 
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The effect of the program on eye strain symptoms was analyzed by using descriptive statistics and chi-square test. The results found that at baseline, 80% of the intervention group and 85.7% of the control group had eye strain. After the PEC program implementation, the rate of eye strain in the intervention group had reduced significantly from 80% to 25.7% (follow-up 1) and 28.6% (follow-up 2), whereas in the control group, the rate of eye strain had slightly reduced from 85.7% to 77.1% (follow-up 1) and 80.0% (follow-up 2) as shown in Table 4 . There was no significant difference in the eye strain rate between the intervention and the control groups at baseline (c 2 =0.402, p-value=0.526). However, significant differences were found between the intervention and the control groups at follow-up 1 (c 2 =18.529, p-value<0.001) and follow-up 2 (c 2 =18.651, p-value<0.001).
Effect of the PEC program on KAP scores
Descriptive statistics and General Linear Model Repeated
Measures were used to analyze KAP scores for baseline, follow-up 1 (week 4), and follow-up 2 (week 8) after the PEC program implementation. Compared within the same group, the mean knowledge scores of the control group at baseline, follow-up 1, and follow-up 2 were at the level of satisfactory knowledge of 10.17, 10.60, and 10.54, respectively. While the mean knowledge score of the intervention group at baseline was at the level of satisfactory knowledge of 9.91, after PEC program implementation, the mean knowledge score was increased at follow-up 1 and follow-up 2, which was at the level of good knowledge of 13.74, and 13.71, respectively. The mean attitude score of the control group at baseline, follow-up 1, and follow-up 2 was at the level of neutral attitude of 38.51, 38.31, and 37.63, respectively. While the mean attitude score of the intervention group at baseline was at the level of neutral attitude of 37.54, after PEC program implementation, the mean attitude score was increased at follow-up 1 and follow-up 2, which was at the level of concern attitude of 48.09 and 48.20, respectively. The mean practice score of the control group at baseline, followup 1, and follow-up 2 was at the level of poor practice of 27.63, 27.51, and 27.29, respectively. While the mean practice score of the intervention group at baseline was at the level of poor practice of 28.49, after PEC program implementation, the mean practice score was increased at follow-up 1 and follow-up 2, which was at the level of fair practice of 38.03 and 37.06, respectively. Mean scores on KAP of the intervention and the control groups are shown in Figure 4 . Compared with baseline (time 1) in the same group, the intervention group obviously had increased KAP scores (p<0.001) at follow-up 1 (time 2) and follow-up 2 (time 3) as shown in Table 5 . However, there was no significant difference in the KAP scores between follow-up 1 (time 2) and follow-up 2 (time 3) of the intervention group. On the contrary, the result drawn from analysis showed that there was no significant difference in the KAP scores of the control group between each time of measurement. 
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Discussion
The results from Tables 2 and 3 show that there was no significant difference in the baseline characteristics between the intervention and the control groups, except for education level, where the intervention group had a higher number of participants with master's degree than those in the control group. However, the earlier studies have not mentioned causation between education level and eye strain. In addition, the recent study has limitation on the proportion of males and females, with more females than males in both groups. The association of this factor with eye strain was reported in several studies that found that eye strain was higher in females and the older group of computer users. Accommodative and vergence dysfunction are more prevalent in females, thus increasing their risk of having moderate to high visual discomfort. 16 However, some studies by Bhanderi et al 17 and Agarwal et al 18 did not find any significance with the age and gender of the subjects with eye strain and these ocular complaints. Therefore, this issue should be addressed in future studies.
Findings demonstrated that the intervention group performed significantly better than the control group in reducing eye strain symptoms. This could be due to the main reason that close-up visual tasks, such as computer work, for a prolonged time cause strain of the ciliary and extraocular muscles, which may cause abnormalities in the accommodative function of the lens. 11, 28 The accommodation of an active process and stationary position of the eyes can lead to fatigue of accommodation. Relief can be obtained from continual visual accommodative spasm and glare from monitor by varying the focal point of the users. 16 The PEC program contains the integrated eye and neck exercises which is one of the significantly strategies supported by the previous studies in reducing eye strain. Gosewade et al 15 conducted the study to evaluate the effect of eye exercise techniques along with pranayama, which consisted of palming, blinking, and deeply breathing. The study results suggested that eye exercises and breathing exercises relieve strain on the eyes. 29 Moreover, a systematic review of 43 studies to examine the scientific evidence base regarding the efficacy of eye exercises as used in optometric vision therapy concluded that eye exercises have been purposed to improve a wide range of conditions, including eye strain, vergence problems, accommodative dysfunction, visual acuity, and general well-being. 30 Additionally, one of the significant strategies for reducing eye strain is taking regular rest breaks, in accordance with the study by Galinsky et al 31 that reported that supplementary breaks reliably minimized discomfort and eye strain without impairing productivity. Moreover, the medium for integrated eye-neck exercises was developed on a mouse pad, which complied with the consensus of stakeholders by the participation approach to serve the needs of the users in this study.
The noticeable finding of this study is that at baseline, the practice scores of the intervention and the control groups were at the poor level in spite of having satisfactory knowledge and neutral attitude. These results are consistent with the earlier research by Bali et al that aimed to study the KAP toward computer vision syndrome prevalent in 300 Indian ophthalmologists. The study found that the chief presenting symptom was eye strain (97.8%); all the doctors who responded were aware and more informed of symptoms and diagnostic signs but were misinformed about treatment modalities. 32 However, in this study, after the PEC program implementation, the mean scores of the intervention group at follow-up 1 and follow-up 2 were increased to the level of good knowledge, concern attitude, and fair practice. This could be explained by the fact that the PEC program consisting of the training course on computer eye strain at the beginning of the program could provide knowledge on both theory and practice. The course content included symptoms, causes and risk factors, and preventive measures of eye strain. This might be involved in increasing the KAP scores in the intervention group.
Another factor that could contribute to increasing the practice score is that the intervention group was reminded by the audiovisual break reminder with both sound and text to take regularly scheduled breaks, which was designed to comply with the nature of work and culture of the organization. 
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The results are consistent with the studies of the effects of micro-breaks in terms of reduced discomfort, which reported that scheduled breaks were found to be generally more effective than allowing the worker to take breaks on their own and more frequently micro-breaks produced the greatest reduction in discomfort. 23, 33, 34 In addition, the important factor that may benefit the effectiveness of the PEC program is a participatory approach to stakeholder engagement, which was used to develop the program, including the schedule of additional rest breaks set up to meet the practical needs of the users in accordance with the acceptance of the executive and stakeholders in this study.
The present study had some certain limitations. Since the evaluation of eye strain was self-reported, this may have led to self-reporting bias and subjectivity. However, the researcher had attempted to control the bias by means of using standard definition for specific symptoms of eye strain and face-to-face interviewing by six trained research assistants. Additionally, the program was specifically designed to meet the needs of staff computer users in STOU.
Conclusion
This study offers evidence that the PEC program was effective in improving the knowledge, attitude, and prac- 
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Participatory eye care program in reducing eye strain among staff computer users tice scores, as well as reducing eye strain symptoms. The composition of all strategies significantly associated with a lower rate of eye strain through the participatory approach made it a successful program for the staff computer users in the study. It is recommended that the PEC program can be applied to use as a preventive tool in reducing eye strain among computer users in other sectors. However, the program was specifically designed to meet the needs of staff computer users and other stakeholders in STOU. Thus, more research is needed to apply the program for the computer users in other sectors, such as the industrial and the service sectors, which have various natures of work and corporate cultures.
